Abstract-It is widely recognized that climate change is affecting slope stability. However, there is still a great knowledge gap on landslide-climate interaction, while in data-scarce regions, like Romania, it is even less clear how landslide occurrence probability will evolve in response to climate change. The present study proposes a methodological framework for assessing the potential effects of climate change on landslide hazard at a national scale, under current ( 
INTRODUCTION
It is generally acknowledged that climate change has implications on slope stability and landslide hazard and that this influence can manifest itself at various spatial and temporal scales [e.g. 1, 2, 3] . Over the recent years, studies devoted to this topic have been increasing continuously, however at a rate which is lower than the one of the total landslide literature [4] . A series of aspects regarding the location, extent, magnitude or the course of the induced changes remain unclear [2, 4] . Hence, there is a continuing need to understand how climate change will affect landslide occurrence and associated hazards and risks.
Precipitation is one of the most common trigger of landslides [5, 6] , but landslide-climate interactions have a great specificity, which generally relies on local physicalgeographical settings. Although it is recognized that Romania represents one of the landslide hotspots on the European map [1] and that landslides are mainly triggered by heavy rainfall or rainfall overlapping snowmelt, there were only very few attempts to relate landslide occurrences in Romania to climate and particularly rainfall. The studies were usually restricted to single sites or areas of small extents and selected rainfall events and only a few implied spatial analyses [a review in 7; 8] . A first effort to understand the impact of a changing climate on the evolution of landslide hazard at regional level has been done in the frame of the FP7 ECLISE project [2] [9] . However, a nation-wide overview on the expected effects of climate change on landslide hazard and risk on the Romanian territory is still lacking.
The RO-RISK (Disaster Risk Evaluation at National Level) project was undertaken in 2016, being coordinated by the General Inspectorate for Emergency Situations (IGSU) and co-financed by the EU through the European Social Fund in the frame of the Operational Program Administrative Capacity 2014 -2020. Focusing on assessing the specific hazards and risks occurring on the Romanian territory, the project was aimed at strengthening risk prevention and management in the country. It provided, among others, the framework for assessing landslide hazard and risk at the national level. The current paper presents some preliminary results achieved within the RO-RISK project regarding the development of a methodological framework for evaluating the potential impacts of climate change on landslide hazard at a national level, by utilizing future climate projections and a landslide hazard scenario design.
II. CLIMATE DATA ANALYSIS
Gridded precipitation information provided by the National Meteorological Administration (ANM), derived from both meteorological observation records and climate projections , were used to analyze past periods of landslide occurrence and to model precipitation-driven landslide hazard at a national scale. The landslide preparing/triggering role of precipitation was expressed by means of six precipitation extremes indices -10-year and 100-year return values of 3-day precipitation, wet spell length and seasonal rainfall. These were selected from a more extended list of precipitation extreme indices computed for different return periods (5, 10, 30, 50, 100 and 1000 years), in order to comply with the project's requirements and because they were considered suitable for landslide occurrence. The selected precipitation extreme indices were used to develop national landslide hazard scenarios, under both current and future climatic conditions. Information on future extreme precipitation was derived from the projections of a selection of six EURO-CORDEX GCM-RCM simulations (Table I) available at a horizontal resolution of 12.5 km (and downscaled at 1 km), most reliable in reproducing the current climatic conditions [10] . The selected six models performed under IPCC emission scenarios RCP4.5 and RCP8.5. From this selection, the projections of two GCM-RCM runs have been particularly considered when analyzing landslide hazard under a wetter (IPSL-INERIS-WRF331F) and a drier (KNMI-RACMO22E) future climate. The database comprises over 3700 records distributed across 31 counties. However, the data is believed to have a heterogeneous character in terms of location and temporal accuracies and completeness.
The recent historical landslide data enabled to retrieve the rainfall indicator values (seasonal rainfall, intervals of consecutive wet days, 3-day precipitation) corresponding to landslide occurrences. In order to remove possible biases affecting this relationship, mainly due to the vertical zonation of climatic parameters as well as to the different local climatic influences present on the Romanian territory, rainfall variables were normalized with the mean annual precipitation and the rainy-day-normal. The analysis of past events was aimed at establishing a relation between the normalized rainfall values and the extent of the geomorphic response in terms of the number of slope failures. The triggering effect of precipitation has been shown to vary with terrain predisposing conditions, i.e. for landslides to initiate in less susceptible regions higher rainfall quantities are needed than those associated to landsliding at the most susceptible slopes. Therefore, a susceptibility zonation of the Romanian territory was first required in order to separate among areas having different geological, topographic and land-use conditions [11] .
This type of analysis, accounting for regional and temporal variability of the main factors involved in hazard analysis (spatial probability, intensity of the trigger, response magnitude), allowed to maximize the use of the rather reduced volume of landslide data considered both accurate and complete and limited to the territories of only a few counties. Therefore, a relationship established on a limited area of the country could be extrapolated to the rest of the country's territory by considering the differences induced by morphostructural, lithological and meteorological settings.
Hazard scenarios were built by overlaying the slide susceptibility map with several other maps displaying the triggering potential of the selected rainfall variables. The triggering potential was achieved by normalizing the climate parameter maps in the same way as for investigating past climate-landslide relations. The overlay procedure was controlled by means of semi-quantitative hazard matrices (susceptibility x triggering potential).
The main limitations of the present research are caused by the quality of the landslide database, in terms of spatial and temporal incompleteness and heterogeneity of registration accuracies. In this context, knowledge derived on the climate-landslide relation was not regarded as having any statistical significance. It was merely used to modulate the expert-based hazard scenario matrices.
IV. PRELIMINARY RESULTS AND CONCLUSIONS
Analyzing the impact of climate on landslide hazard is the most appropriate way when aiming to understand climate effects on landslide occurrence at regional/national scales. This study resulted in the construction of several national rainfall-induced landslide hazard maps. Comparisons between reference and future maps depicting landslide hazard in response to different extreme climate indices revealed some trends to be attributed to climate change. Spatial distribution of landslide hazard is mainly dictated by terrain attributes, especially lithology, and thus most affected are the hilly and plateau regions built of Neogene deposits and the mountainous regions developed on Cretaceous and Paleogene flysch. However, variations in hazard magnitude across these regions for a particular analyzed frequency are expected to be due to variations in the triggering factor.
Future change in seasonal rainfall is expected to induce, under both RCPs, slight increases of landslide activity mainly in the Eastern Carpathians, the Moldavian Subcarpathians and the northern part of the Moldavian Tableland, in case of the 10-year return period, and extensive increases particularly in the western hilly and plateau areas, in case of the 100-year return period. Decreases in the number of landslides are also possible in the south-western part of Romania. Landslide hazard triggered by short-term, 3-days precipitation indicates an increase in the number of landslides affecting different parts of the Transylvanian area, the Subcarpathian hills and the Moldavian plateau in case of a 10-year recurrence period. When considering a 1/100years frequency, landslide hazard is expected to intensify under the future evolution of highintensity and short-duration precipitation and extend towards the north-eastern part of the country as well as towards the Eastern and the Curvature Carpathians, according to both RCPs. As for future variations in the length of wet intervals associated to a 1/10 years frequency, these are expected to result in more abundant landslide occurrences in the Eastern Carpathians, and possibly in the Apuseni Mountains, parts of the Transylvanian Plateau and the Eastern part of the country (i.e. the Moldavian Plateau and the Moldavian Subcarpathians). Decreases in the landslide activity are also possible, e.g. in areas of the Moldavian Plateau or in the south-western part of the country.
Generally, if considering one trigger proxy as simulated by one single model, landslide hazard increases seem to be more extensive under RCP8.5 than under RCP4.5.
As is the case of any climate-landslide study, several types of epistemic and aleatory uncertainties also affect the current approach and they are related to the main steps of the study: assessment of landslide susceptibility, determination of climate-landslide interactions and relationships, elaboration of landslide hazard maps, future climate modeling and climate data processing, construction of future climate-driven landslide hazard scenarios.
In the context of an undisputable climate warming, expected to affect landslides, this paper proposes a conceptual framework to address the effects of climate change on landslide hazard at a national scale. It provides a first evaluation on the future climate-landslides relation for the national territory of Romania, which, at the same time, represents one of Europe's hotspot areas in terms of landslides. The developed approach allows users to gain a general and rapid appraisal of the projected future climate impacts on landslide occurrence at the national level.
However, given the high uncertainties affecting climatelandslide investigation frameworks, care is recommended when interpreting the expected variations in landslide hazard driven by projected climate change. Future work will aim both at reducing as much as possible existing uncertainties -e.g. by improving the quality of the various input data used and by a more in-depth analysis of the climate-landslides relationship as the basis for understanding future climate impacts -and at quantifying and communicating those uncertainties which will remain inevitable.
